We study the processes γγ→K 0 S K ± π ∓ and γγ→K + K − π 0 using a data sample of 519 fb
recorded with the BABAR detector operating at the SLAC PEP-II asymmetric-energy e + e − collider at center-of-mass energies at and near the Υ (nS) (n = 2, 3, 4) resonances. We observe ηc decays to both final states and perform Dalitz plot analyses using a model-independent partial wave analysis technique. This allows a model-independent measurement of the mass-dependence of the I = 1/2 Kπ S-wave amplitude and phase. A comparison between the present measurement and those from previous experiments indicates similar behaviour for the phase up to a mass of 1.5 GeV/c 2 . In contrast, the amplitudes show very marked differences. The data require the presence of a new a0(1950) resonance with parameters m = 1931 ± 14 ± 22 MeV/c 2 and Γ = 271 ± 22 ± 29 MeV. 
I. INTRODUCTION
Scalar mesons are still a puzzle in light meson spectroscopy: they have complex structure, and there are too many states to be accommodated within the quark model without difficulty [1] . In particular, the structure of the I = 1/2 Kπ S-wave is a longstanding problem. In recent years many experiments have performed accurate studies of the decays of heavy-flavored hadrons producing a Kπ system in the final state. These studies include searches for CP violation [2] , and searches for, and observation of, new exotic resonances [3] and charmed mesons [4] . However, the still poorly known structure of the I = 1/2 Kπ S-wave is a source of large systematic uncertainties. The best source of information on the scalar structure of the Kπ system comes from the LASS experiment, which studied the reaction K − p→K − π + n [5] . Partial wave analysis of the Kπ system reveals a large contribution from the I = 1/2 Kπ S-wave amplitude over the mass range studied. In the description of the I = 1/2 scalar amplitude up to a Kπ mass of about 1.5 GeV/c 2 the K * 0 (1430) resonant amplitude is added coherently to an effective-range description in such a way that the net amplitude actually decreases rapidly at the resonance mass. The I = 1/2 S-wave amplitude representation is given explicitly in Ref. [6] . In the LASS analysis, in the region above 1.82 GeV/c 2 , the S-wave suffers from a two-fold ambiguity, but in both solutions it is understood in terms of the presence of a K * 0 (1950) resonance. It should be noted that the extraction of the I = 1/2 S-wave amplitude is complicated by the presence of an I = 3/2 contribution.
Further information on the Kπ system has been extracted from Dalitz plot analysis of the decay D + →K − π + π + where, in order to fit the data, the presence of an additional resonance, the κ(800), was claimed [7] . Using the same data, a Model Independent Partial Wave Analysis (MIPWA) of the Kπ system was developed for the first time [8] . This method allows the amplitude and phase of the Kπ S-wave to be extracted as functions of mass (see also Refs. [9] and [10] ). However in these analyses the phase space is limited to mass values less than 1.6 GeV/c 2 due to the kinematical limit imposed by the D + mass. A similar method has been used to extract the π + π − S-wave amplitude in a Dalitz plot analysis of D
. In the present analysis, we consider three-body η c decays to KKπ and obtain new information on the Kπ † Now at: Università di Bologna and INFN Sezione di Bologna, I-47921 Rimini, Italy ‡ Now at: University of Huddersfield, Huddersfield HD1 3DH, UK § Now at: University of South Alabama, Mobile, Alabama 36688, USA ¶ Also at: Università di Sassari, I-07100 Sassari, Italy I = 1/2 S-wave amplitude extending up to a mass of 2.5 GeV/c 2 . We emphasize that, due to isospin conservation in the η c hadronic decay to (Kπ)K, the (Kπ) amplitude must have I = 1/2 , and there is no I = 3/2 contribution. The BABAR experiment first performed a Dalitz plot analysis of η c →K + K − π 0 and η c →K + K − η using an isobar model [12] . The analysis reported the first observation of K * 0 (1430)→Kη, and observed that η c decays to three pseudoscalars are dominated by intermediate scalar mesons. A previous search for charmonium resonances decaying to K 0 S K ± π ∓ in two-photon interactions is reported in Ref. [13] . We continue these studies of η c decays and extract the Kπ S-wave amplitude by performing a MIPWA of both η c →K
We describe herein studies of the KKπ system produced in two-photon interactions. Two-photon events in which at least one of the interacting photons is not quasi-real are strongly suppressed by the selection criteria described below. This implies that the allowed J [14] . Angular momentum conservation, parity conservation, and charge conjugation invariance imply that these quantum numbers also apply to the final state except that the KKπ state cannot be in a J P = 0 + state. This article is organized as follows. In Sec. II, a brief description of the BABAR detector is given. Section III is devoted to the event reconstruction and data selection of the K 0 S K ± π ∓ system. In Sec. IV, we describe studies of efficiency and resolution, while in Sec. V we describe the MIPWA. In Secs. VI and VII we perform Dalitz plot analyses of η c →K 0 S K ± π ∓ and η c →K + K − π 0 decays. Section VIII is devoted to discussion of the measured Kπ S-wave amplitude, and finally results are summarized in Sec. IX.
II. THE BABAR DETECTOR AND DATASET
The results presented here are based on data collected with the BABAR detector at the PEP-II asymmetricenergy e + e − collider located at SLAC, and correspond to an integrated luminosity of 519 fb −1 [15] recorded at center-of-mass energies at and near the Υ (nS) (n = 2, 3, 4) resonances. The BABAR detector is described in detail elsewhere [16] . Charged particles are detected, and their momenta are measured, by means of a fivelayer, double-sided microstrip detector, and a 40-layer drift chamber, both operating in the 1.5 T magnetic field of a superconducting solenoid. Photons are measured and electrons are identified in a CsI(Tl) crystal electromagnetic calorimeter. Charged-particle identification is provided by the measurement of specific energy loss in the tracking devices, and by an internally reflecting, ring-imaging Cherenkov detector. Muons and K 0 L mesons are detected in the instrumented flux return of the magnet. Monte Carlo (MC) simulated events [17] , with reconstructed sample sizes more than 10 times larger than the corresponding data samples, are used to evaluate the signal efficiency and to determine background features. Two-photon events are simulated using the GamGam MC generator [18] .
III. RECONSTRUCTION AND SELECTION OF ηc→K
To study the reaction
we select events in which the e + and e − beam particles are scattered at small angles, and hence are undetected in the final state. We consider only events for which the number of well-measured charged-particle tracks with transverse momentum greater than 0.1 GeV/c is exactly equal to four, and for which there are no more than five photon candidates with reconstructed energy in the electromagnetic calorimeter greater than 100 MeV. We obtain K 0 S →π + π − candidates by means of a vertex fit of pairs of oppositely charged tracks which requires a χ 2 fit probability greater than 0.001. Each K 0 S candidate is then combined with two oppositely charged tracks, and fitted to a common vertex, with the requirements that the fitted vertex be within the e + e − interaction region and have a χ 2 fit probability greater than 0.001. We select kaons and pions by applying high-efficiency particle identification criteria. We do not apply any particle identification requirements to the pions from the K [19] .
Background arises mainly from random combinations of particles from e + e − annihilation, from other twophoton processes, and from events with initial-state photon radiation (ISR). The ISR background is dominated by J P C = 1 −− resonance production [20] . We discriminate against K 
± π ∓ mass spectrum shows a prominent η c signal. We define p T as the magnitude of the vector sum of the transverse momenta, in the e + e − rest frame, of the final-state particles with respect to the beam axis. Since well-reconstructed two-photon events are expected to have low values of p T , we optimize the selection as a function of this variable. We produce K with different p T selections and fit the mass spectra to extract the number of η c signal events (N s ) and the number of background events below the η c signal (N b ). We then compute the purity, defined as P = N s /(N s + N b ), and the significance S = N s / √ N s + N b . To obtain the best significance with the highest purity, we optimize the selection by requiring the maximum value of the product of purity and significance, P · S, and find that this corresponds to the requirement p T < 0.08 GeV/c. Figure 1 shows the measured p T distribution in comparison to the corresponding p T distribution obtained from simulation of the signal process. A peak at low p T is observed indicating the presence of the two-photon process. The shape of the peak agrees well with that seen in the MC simulation. Figure 2 shows the K Details on data selection, event reconstruction, resolution, and efficiency measurement for the η c →K + K − π 0 decay can be found in Ref. [12] . The η c signal region for this decay mode contains 6710 events with a purity of (55.2 ± 0.6)%. 
IV. EFFICIENCY AND RESOLUTION
To compute the efficiency, MC signal events are generated using a detailed detector simulation [17] in which the η c decays uniformly in phase space. These simulated events are reconstructed and analyzed in the same manner as data. The efficiency is computed as the ratio of reconstructed to generated events. Due to the presence of long tails in the Breit-Wigner (BW) representation of the resonance, we apply selection criteria to restrict the generated events to the η c mass region. We express the efficiency as a function of the invariant mass, m(K + π − ) [21] , and cos θ, where θ is the angle, in the K + π − rest frame, between the directions of the K + and the boost from the K 0 S K + π − rest frame. To smooth statistical fluctuations, this efficiency map is parametrized as follows. First we fit the efficiency as a function of cos θ in separate intervals of m(K + π − ), using Legendre polynomials up to L = 12:
where m denotes the K + π − invariant mass. For each value of L, we fit the mass dependent coefficients a L (m) with a seventh-order polynomial in m. Figure 3 shows the resulting fitted efficiency map ǫ(m, cos θ). We obtain number of cells in the efficiency map. We observe a significant decrease in efficiency in regions of cos θ ∼ ±1 due to the impossibility of reconstructing K ± mesons with laboratory momentum less than about 200 MeV/c, and π ± and K 0 S (→π + π − ) mesons with laboratory momentum less than about 100 MeV/c (see Fig. 9 of Ref. [6] ). These effects result from energy loss in the beampipe and innerdetector material.
The mass resolution, ∆m, is measured as the difference between the generated and reconstructed
The distribution has a root-meansquared value of 10 MeV/c 2 , and is parameterized by the sum of a Crystal Ball [22] and a Gaussian function. We perform a binned fit to the K 0 S K ± π ∓ mass spectrum in data using the following model. The background is described by a second-order polynomial, and the η c resonance is represented by a nonrelativistic BW function convolved with the resolution function. In addition, we allow for the presence of a residual J/ψ contribution modeled with a Gaussian function. Its parameter values are fixed to those obtained from a fit to the K Fig. 2 . We obtain the following η c parameters:
where uncertainties are statistical only. Our measured mass value is 2.8 MeV/c 2 lower than the world average [19] . This may be due to interference between the η c amplitude and that describing the background in the signal region [23] .
V. MODEL INDEPENDENT PARTIAL WAVE ANALYSIS
We perform independent MIPWA of the K
Dalitz plots in the η c mass region using unbinned maximum likelihood fits. The likelihood function is written as
• N is the number of events in the signal region;
• for the n-th event, m n is the K
• for the n-th event,
• f sig is the mass-dependent fraction of signal obtained from the fit to the K
• for the n-th event, ǫ(x
• for the n-th event, the A i (x n , y n ) describe the complex signal-amplitude contributions;
• c i is the complex amplitude for the i-th signal component; the c i parameters are allowed to vary during the fit process;
• for the n-th event, the B i (x n , y n ) describe the background probability-density functions assuming that interference between signal and background amplitudes can be ignored;
• k i is the magnitude of the i-th background component; the k i parameters are obtained by fitting the sideband regions;
dxdy and I Bi = B i (x, y)dxdy are normalization integrals. Numerical integration is performed on phase space generated events with η c signal and background generated according to the experimental distributions. In case of MIPWA or when resonances have free parameters, integrals are re-computed at each minimization step. Background integrals and fits dealing with amplitudes having fixed resonance parameters are computed only once.
Amplitudes are described along the lines described in Ref. [24] . For an η c meson decaying into three pseudoscalar mesons via an intermediate resonance r of spin J (i.e. η c →Cr, r→AB), each amplitude A i (x, y) is represented by the product of a complex Breit-Wigner (BW) function and a real angular distribution function represented by the spherical harmonic function √ 2πY 0 J (cosθ); θ is the angle between the direction of A, in the rest frame of r, and the direction of C in the same frame. This form of the angular dependence results from angular momentum conservation in the rest frame of the η c , which leads to the production of r with helicity 0.
It follows that
The function BW (M AB ) is a relativistic BW function of the form
where M r is the mass of the resonance r, and Γ tot (M AB ) is its mass-dependent total width. In general, this mass dependence cannot be specified, and a constant value should be used. However, for a resonance such as the K * 0 (1430), which is approximately elastic, we can use the partial width Γ AB , and specify the mass-dependence as:
where
and p r is the value of p AB when M AB = M r . The form factors F ηc and F attempt to model the underlying quark structure of the parent particle and the intermediate resonances. We set F ηc to a constant value, while for F we use Blatt-Weisskopf penetration factors [25] (Table I) , that depend on a single parameter R representing the meson "radius", for which we assume R = 1.5 GeV −1 . The a 0 (980) resonance is parameterized as a coupled-channel Breit-Wigner function whose parameters are taken from Ref. [26] .
To measure the I = 1/2 Kπ S-wave we make use of a MIPWA technique first described in Ref. [8] . The Kπ S-wave, being the largest contribution, is taken as the reference amplitude. We divide the Kπ mass spectrum into 30 equally-spaced mass intervals 60 MeV wide, and for each interval we add to the fit two new free parameters, the amplitude and the phase of the Kπ S-wave in that interval. We fix the amplitude to 1.0 and its phase to π/2 at an arbitrary point in the mass spectrum, for 
which we choose interval 14, corresponding to a mass of 1.45 GeV/c 2 . The number of associated free parameters is therefore 58.
Due to isospin conservation in the hadronic η c and K * decays, the (Kπ)K amplitudes are combined with positive signs, and so therefore are symmetrized with respect to the two K * K modes. In particular we write the Kπ S-wave amplitudes as
where a
and
For both decay modes the bachelor kaon is in an orbital S-wave with respect to the relevant Kπ system, and so does not affect these amplitudes. The second amplitude in Eq. (9) is reduced because the K 0 is observed as a K 0 S , but the same reduction factor applies to the first amplitude through the bachelor K 0 , so that the equality of the three-body amplitudes is preserved.
Other resonance contributions are described as above. The K * 2 (1430)K contribution is symmetrized in the same way as the S-wave amplitude.
We perform MC simulations to test the ability of the method to find the correct solution. We generate η c →K 0 S K ± π ∓ event samples which yield reconstructed samples having the same size as the data sample, according to arbitrary mixtures of resonances, and extract the Kπ S-wave using the MIPWA method. We find that the fit is able to extract correctly the mass dependence of the amplitude and phase.
We also test the possibility of multiple solutions by starting the fit from random values or constant parameter values very far from the solution found by the fit. We find
The efficiency-corrected fractional contribution f i due to resonant or non-resonant contribution i is defined as follows:
The f i do not necessarily sum to 100% because of interference effects. The uncertainty for each f i is evaluated by propagating the full covariance matrix obtained from the fit.
We test the quality of the fit by examining a large sample of MC events at the generator level weighted by the likelihood fitting function and by the efficiency. These events are used to compare the fit result to the Dalitz plot and its projections with proper normalization. In these MC simulations we smooth the fitted Kπ S-wave amplitude and phase by means of a cubic spline. We make use of these weighted events to compute a 2-D χ 2 over the Dalitz plot. For this purpose, we divide the Dalitz plot into a grid of 25 × 25 cells and consider only those containing at least five events. We compute The Dalitz plot is dominated by the presence of horizontal and vertical uniform bands at the position of the K * 0 (1430) resonance. We also observe further bands along the diagonal. Isospin conservation in η c decay requires that the (KK) system have I=1, so that these structures may indicate the presence of a 0 or a 2 resonances. Further narrow bands are observed at the position of the K * (892) resonance, mostly in the K 0 S π − projection; these components are consistent with originating from background, as will be shown.
The presence of background in the η c signal region requires precise study of its structure. This can be achieved by means of the data in the η c sideband regions, for which the Dalitz plots are shown in Fig. 6 .
In both regions we observe almost uniformly populated resonant structures mostly in the K 
. The superimposed curves result from the MIPWA described in the text. The shaded regions show the background estimates obtained by interpolating the results of the Dalitz plot analyses of the sideband regions.
indicates that these structures are associated with background. Also, the asymmetry between the two K * modes in background may be explained as being due to interference between the I = 0 and I = 1 isospin configurations for the K * (→Kπ)K final state produced in two-photon fusion.
We fit the η c sidebands using an incoherent sum of amplitudes, which includes contributions from the a 0 (980), a 0 (1450), a 2 (1320), K * (892), K * 0 (1430), K * 2 (1430), K * (1680), and K * 0 (1950) resonances. To better constrain the sum of the fractions to one, we make use of the channel likelihood method [27] and include resonances until no structure is left in the background and an accurate description of the Dalitz plots is obtained. To estimate the background composition in the η c signal region we perform a linear mass dependent interpolation of the fractions of the different contributions, obtained from the fits to the sidebands, and normalized using the results from the fit to the K 0 S K ± π ∓ mass spectrum. The estimated background contributions are indicated by the shaded regions in Fig. 5 .
We perform the MIPWA including the resonances listed in Table II . In this table, and in the remainder of the paper, we use the notation (Kπ)K or K * K to represent the corresponding symmetrized amplitude. After the solution is found we test for other contributions, including spin-one resonances, but these are found to be consistent with zero, and so are not included. This supports the observation that the observed K * (892) structures originate entirely from background. We find a dominance of the Kπ S-wave amplitude, with small contributions from a 0 π amplitudes and a significant K * 2 (1430)K contribution.
The table lists also a significant contribution from the a 0 (1950)π amplitude, where a 0 (1950)
We also test the spin-2 hypothesis for this contribution by replacing the amplitude for a 0 →K 0 S K + with an a 2 →K 0 S K + amplitude with parameter values left free in the fit. In this case no physical solution is found inside the allowed ranges of the parameters, and the additional contribution is found consistent with zero. This new state has isospin one, and the spin-0 assignment is preferred over that of spin-2.
A fit without this state gives a poor description of the high mass K 0 S K + projection, as can be seen in Fig. 7(a) . We obtain −2 log L = −4252.9 and χ 2 /N cells = 1.33 for this fit. We then include in the MIPWA a new scalar resonance decaying to K 0 S K + with free parameters. We obtain ∆(log L) = 61 and ∆χ 2 = 38 for an increase of four new parameters. We estimate the significance for the a 0 (1950) resonance using the fitted fraction divided by its statistical and systematic errors added in quadrature, and obtain 2.5σ. Since interference effects may also contribute to the significance, this procedure gives a conservative estimate. The systematic uncertainties associated with the a 0 (1950) state are described below. The fitted parameter values for this state are given in Table III . We note that we obtain χ 2 /N cells = 1.17 for this final fit, indicating good description of the data. The fit projections on the three squared masses from the MIPWA are shown in Fig. 5 , and they indicate that the description of the data is quite good.
We compute the uncorrected Legendre polynomial mo- + mass. We also compute the expected Legendre polynomial moments from the weighted MC events and compare with the experimental distributions. We observe good agreement for all the distributions, which indicates that the fit is able to reproduce the local structures apparent in the Dalitz plot.
We compute the following systematic uncertainties on the I = 1/2 Kπ S-wave amplitude and phase. The different contributions are added in quadrature.
• Starting from the solution found by the fit, we generate MC simulated events which are fitted using a MIPWA. In this way we estimate the bias introduced by the fitting method. (980) • The fit is performed by interpolating the Kπ Swave amplitude and phase using a cubic spline.
• We remove low-significance contributions, such as those from the a 0 (980) and a 2 (1320) resonances.
• We vary the signal purity up and down according to its statistical uncertainty.
• The effect of the efficiency variation as a function of KKπ mass is evaluated by computing separate efficiencies in the regions below and above the η c mass.
These additional fits also allow the computation of systematic uncertainties on the amplitude fraction and phase values, as well as on the parameter values for the a 0 (1950) resonance; these are summarized in Table IV . In the evaluation of overall systematic uncertainties, all effects are assumed to be uncorrelated, and are added in quadrature.
The measured amplitude and phase values of the I = 1/2 Kπ S-wave as functions of mass obtained from the MIPWA of η c →K 14 of the Kπ mass contains the fixed amplitude and phase values.
B. Dalitz plot analysis of ηc→K
We perform a Dalitz plot analysis of η c →K 0 S K ± π ∓ using a standard isobar model, where all resonances are modeled as BW functions multiplied by the corresponding angular functions. In this case the Kπ S-wave is represented by a superposition of interfering K * 0 (1430), K * 0 (1950), non-resonant (NR), and possibly κ(800) contributions. The NR contribution is parametrized as an amplitude that is constant in magnitude and phase over the Dalitz plot. In this fit the K * 0 (1430) parameters are taken from Ref. [12] , while all other parameters are fixed to PDG values. We also add the a 0 (1950) resonance with parameters obtained from the MIPWA analysis.
For the description of the η c signal, amplitudes are added one by one to ascertain the associated increase of the likelihood value and decrease of the 2-D χ 2 . Table VI summarizes the fit results for the amplitude fractions and phases. The high value of χ 2 /N cells = 1.82 (to be compared with χ 2 /N cells = 1.17) indicates a poorer description of the data than that obtained with the MIPWA method. Including the κ(800) resonance does not improve the fit quality. If included, it gives a fit fraction of (0.8 ± 0.5)%.
The Dalitz plot analysis shows a dominance of scalar meson amplitudes, with small contributions from spintwo resonances. The K * (892) contribution is consistent with originating entirely from background. Other spin-1 K * resonances have been included in the fit, but their contributions have been found to be consistent with zero. We note the presence of a sizeable non-resonant contribution. However, in this case the sum of the fractions is significantly lower than 100%, indicating important interference effects. Fitting the data without the NR contribution gives a much poorer description, with −2 log L = −4115 and χ 2 /N cells = 2.32. We conclude that the η c →K 0 S K ± π ∓ Dalitz plot is not well-described by an isobar model in which the Kπ Swave is modeled as a superposition of Breit-Wigner functions. A more complex approach is needed, and the MIPWA is able to describe this amplitude without the need for a specific model. [12] is very similar to that for η c →K
VII. DALITZ PLOT ANALYSIS OF ηc→K
It is dominated by uniformly populated bands at the K * 0 (1430) resonance position in K + π 0 and K − π 0 mass squared. It also shows a broad diagonal structure indicating the presence of a 0 or a 2 resonance contributions. The Dalitz plot projections are shown in Fig. 10 .
Dalitz plot analysis using the isobar model has been performed already in Ref. [12] . It was found that the model does not give a perfect description of the data. In this section we obtain a new measurement of the Kπ S-wave by making use of the MIPWA method. In this way we also perform a cross-check of the results obtained from the η c →K 0 S K ± π ∓ analysis, since analyses of the two η c decay modes should give consistent results, given the absence of I=3/2 Kπ amplitude contributions.
We perform a MIPWA of η c →K + K − π 0 decays using the same model and the same mass grid as for
As for the previous case we obtain a better description of the data if we include an additional a 0 (1950) resonance, whose parameter values are listed in Table III . We observe good agreement between the parameter values obtained from the two η c decay modes. The table also lists parameter values obtained as the weighted mean of the two measurements. Table II gives the fitted fractions from the MIPWA fit.
We obtain a good description of the data, as evidenced by the value Fig. 11 as functions of Kπ mass, combined for K + π 0 and K − π 0 , and in Fig. 12 as functions of K + K − mass. We also compute the expected Legendre polynomial moments from the weighted MC events and compare with the experimental distributions. We observe good agreement for all the distributions, which indicates that also in this case the fit is able to reproduce the local structures apparent in the Dalitz plot.
VIII. THE I = 1/2 Kπ S-WAVE AMPLITUDE AND PHASE Figure 13 displays the measured I = 1/2 Kπ Swave amplitude and phase from both η c →K
We observe good agreement between the amplitude and phase values obtained from the two measurements. The main features of the amplitude ( Fig. 13(a) ) can be explained by the presence of a clear peak related to the K * 0 (1430) resonance which shows a rapid drop around 1.7 GeV/c 2 , where a broad structure is present which can be related to the K * 0 (1950) resonance. There is some indication of feedthrough from the K * (892) background. The phase motion (Fig. 13(b) ) shows the expected behavior for the resonance phase, which varies by about π in the K * 0 (1430) resonance region. The phase shows a drop around 1.7 GeV/c 2 related to interference with the K * 0 (1950) resonance. We compare the present measurement of the Kπ S-wave amplitude from η c →K 0 S K ± π ∓ with measurements from LASS [5] in Fig. 14(a) (c) and E791 [8] in Fig. 14(b)(d) . We plot only the first part of the LASS measurement since it suffers from a two-fold ambiguity above the mass of 1.82 GeV/c 2 . The Dalitz plot fits extract invariant amplitudes. Consequently, in Fig. 14(a) , the LASS I = 1/2 Kπ scattering amplitude values have been multiplied by the factor m(Kπ)/q to convert to invariant amplitude, and normalized so as to equal the scattering amplitude at 1.5 GeV/c 2 in order to facilitate comparison to the η c results. Here q is the momentum of either meson in the Kπ rest frame. For better comparison, the LASS absolute phase measurements have been displaced by −0.6 rad before plotting them in Fig. 14(c) .
In Fig. 14(b) the E791 amplitude has been obtained by multiplying the amplitude c in Table III of Ref. [8] by the Form Factor F 0 D , for which the mass-dependence is motivated by theoretical speculation. This yields amplitude values corresponding to the E791 Form Factor having value 1, as for the η c analyses. In Fig. 14(d) , the E791 phase measurements have been displaced by +0.9 rad, again in order to facilitate comparison to the η c measurements. three measurements up to about 1.5 GeV/c 2 , we observe striking differences in the mass dependence of the amplitudes.
IX. SUMMARY
We perform Dalitz plot analyses, using an isobar model and a MIPWA method, of data on the decays η c →K experiment at SLAC. We find that, in comparison with the isobar models examined here, an improved description of the data is obtained by using a MIPWA method.
We extract the I = 1/2 Kπ S-wave amplitude and phase and find good agreement between the measurements for the two η c decay modes. The Kπ S-wave is dominated by the presence of the K * 0 (1430) resonance which is observed as a clear peak with the corresponding increase in phase of about π expected for a resonance. 
with significances of 2.5σ and 4.2σ respectively, including systematic uncertainties. These results are, however, systematically limited, and more detailed studies of the I = 1 KK S-wave will be required in order to improve 
